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SUBSOIL DRAINS 




Water in the soil is the cause of inestimable dannage to surface structures. It softens the 
subgrade, robbing it of its ability to support heavy loads. In cold climates this water freezes and 
causes "heaving." Recognition of these facts has resulted in a new science — subsoil drainage. 
Today it is good engineering practice to use a system of clay subdrains to protect the sub- 
bases of airport runways, landing fields, factories, homes, housing projects, bridge approaches, 
highways, railways, retaining walls and other structures that require firm, all-weather bases. 
Above left: Clay subdrains being laid to protect a new highway. Above right: clay subdrains 
being installed in a wet spot on a mainline railway track. Below left: Large clay pipe drain 
being laid to eliminate an unsightly and dangerous ditch. Below right: Perforated clay sub- 
drains being installed under a superhighway before surfacing. 
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WHAT IS SUBSOIL DRAINAGE? 



The purpose of subsoil drainage is 
to remove from the ground all water 
which imperils the stability of struc- 
tures built on or near the surface. 

The importance of subdrainage can- 
not be over-emphasized. Where high- 
ways, railways, airport runways, re- 
taining walls, buildings and other 
structures are built upon well-drained 
ground, repair costs due to settling, 
frost heaves, slides and loss of founda- 
tion support are minimized. 




The highway surfacing seen +o the right in 
the above photo is literally floating on a 
layer of unstable, water-soaked earth. 

Although this is an elementary fact, 
too little attention has been given to 
the conditions under which subgrades 
maintain their stability. In practically 
all cases, a dry subgrade is a firm sub- 
grade. There are obvious exceptions to 
this rule, but little scientific knowl- 
edge is needed to tell whether or not 
a dry soil has the necessary stability 
to support a given load. 

On the other hand, there are very 
few soils that retain tbeir stability 



when wet. A structure or surfacing 
built on a foundation filled with water 
is literally floating and in time parts 
of it will sink or shift. 

Good surface draining does much to 
quickly carry away surface water that 
might otherwise percolate into the 
subsoil. But surface drainage in itself 
is not sufficient. Despite the most 
scientific surface drainage, water gets 
into the subsoil. This water must be 
removed. There is no other way to per- 
manently stabilize the soil. 

There is nothing difficult or pro- 
found about subgrade drainage. Fig. 1 
shows the general idea. 

Water is usually trapped by an im- 
pervious stratum in the soil. Such 
water has no way to escape except by 
capillary action and evaporation. If it 
is trapped near the surface, it imperils 
the permanence and stability of any 
structure built on top of the earth im- 
mediately over it. When clay pipe sub- 
drains are properly installed, this 
trapped water is drained off. 

The cost of subdrainage is small 
compared with the cost of the struc- 
tures being stabilized. A few feet of 
clay pipe properly installed is a small 
price to pay for firm, trouble-free 
foundations . . . for better highways, 
railways, airport runways and landing 
fields . . . for all-weather parks and 
playgrounds, athletic fields and golf 
courses . . . for firmer foundations for 
all types of structures. 

Agricultural subdrainage also pays 
big dividends to the farmer. It not only 
increases the production of the land 
but lets the farmer get on it earlier in 
the spring and sooner after rainfalls. 
Under new WPB rulings farmers do 
not need permission to buy and install 
clay subdrains under 12 inches in di- 
ameter. 



FACTORS WHICH AFFECT DRAINAGE 



Subsoil drainage must be carefully 
planned if it is to perform its work 
efficiently. Some subsoil drainage in- 
stallations require extensive research 
before a trench can be opened or a 
length of pipe laid. Large airports are 
of this type. Here, and in similar con- 
struction, it is almost imperative to 
have topographical maps, layout maps, 
maps showing drainage subdivisions, 
profiles, data on outlet conditions, 
temperature data, snow data, rainfall- 
frequency data, soil profiles and data 
on infiltration capacities affecting the 
design of storm drains. On the other 
hand, a subdrain laid to protect the 
foundation of a bungalow requires 
little of this technical information. 

But whether the subdrainage is to 
protect a highway, railroad, airport, 
athletic field or the foundation of 
some structure, there are certain basic 
factors which will influence the final 
installation. These are : 



1. THE SLOPE OF THE SURFACE 

The slope of the surface and char- 
acter of the soil will determine the 
run-off of the surface waters and the 
location of catch basins, trenches, etc. 
Trenches should be run at right angles 
to the direction of flow. Methods of 
computing the run-off volume to be 
expected from various areas and soils 
will be found on pages 4 and 5. 

2. THE TYPE AND STRATIFICATION OF 
THE SOIL 

Soil profiles will provide an accu- 
rate knowledge of soil conditions and 
permeability. Such profiles should 
take into consideration the types of 
materials used for filling and the 
methods used to compact them; also 
the characteristics of the soils exposed 
by grading. 



"The soil texture, consistency and 
composition which may be measured 
by tests, intimately affect percolation 
and permeability and, in turn, the 
drainage problem. The completed soil 
investigation with interpretation of 
results should be available to the de- 
signer of the drainage system as it is 
the only adequate and reliable source 
of information of the most important 
factors in drainage design. Particular 
significance should be attached to the 
location of any impervious, or rela- 
tively impervious, strata underlying 
the surface soil. The location of such 
impervious layers will have an impor- 
tant bearing upon the height of the 
water table and capillary rise and will 
influence the selection of drainage 
methods.*'^ 

Although the above quotation was 
written for those designing airport 
drainage systems, the same holds true 
for other major installations. 

In brief, there are five major soil 
profiles, each with its own drainage 
problem: 

a. Uniform and Pervious Soils 

These permit water to 
pass through them fairly 
quickly and require little 
or no subdrainage, provid- 
ed there is no water table 
near the surface. Storm 
sewers to carry away sur- 
face waters are all that is 
necessary. 



Impervious Soils 

Here the soil is of a type 
that does not readily per- 
mit water to pass through 
it. Rainfall lies on the sur- 
face until the earth soaks 
part of it up and the rest 
evaporates. This type of 
soil necessitates trenches 
at low points backfilled 
with a pervious material 
with subdrains properly 
laid at the bottom. 





IMPERVIOUS STRATUM 
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FIG. I — This sketch shows in general the principle of subsoil drainage. A dense, im- 
pervious layer in the soil traps percolating water, forming a layer of water-soalced earth 
which lacks the stability to support buildings, highways, railways, airport runways, and 
other heavy or load-bearing structures. A clay pipe subdrain laid below the trapped 
water drains it off and stabilizes the earth. 






c. Soils Pervious Above and Impervious Below 

This condition permits 
water to pass through the 
top layers and collect on 
the dense stratum where it 
forms a dense layer of un- 
stable, water-saturated soil. 
Such water must be re- 
moved by a system of sub- 
soil drainage pipes laid a 
few inches below' the im- 
pervious stratum. 

d. Soils Impervious Above and Pervious Below 

To carry away waters 
which collect on top of the 
impervious layer trenches 
much be dug through the 
impervious layer to the 
coarser material under- 
neath. Subdrains should be 
laid under the top layer to 
catch and carry away the 
percolating water. 

e. Irregular Strata of Pervious and Impervious Soils 

Usually, under this con- 
dition, water pockets form 
between the strata. All such 
pockets must be drained 
with a system of subsoiJ 
drains. 



3. GRAVITATIONAL AND CAPILLARY WATER 
IN THE SOIL 

As part of the profile survey, borings 
should be made to determine whether 
or not a water table is close enough to 
the surface to peril the stability of the 
subgrade or contribute to frost heaves. 
Impervious layers in the soil often 
trap gravitational waters and form 
layers of water-soaked earth which 
can do enormous harm. It should be re- 
membered that the water table is not 
necessarily level, and that the fall of 
a few inches of rain may raise it sev- 
eral feet. 

From the water table water rises in 
the soil by capillary action. The height 
to which it will rise depends upon the 
type of soil. It is this capillary water 
in the soil that causes frost heaves. 
Frost penetrating the surface from 
above freezes the capillary water near 
the surface, but does not go deep 
enough to stop all capillary motion. 
Consequently, more water rises and 
feeds the original ice crystals, caus- 
ing them to expand. Finally the time 
comes when the upward thrust of the 
ice mass erupts the surface and does 
considerable damage. 

Capillary water cannot be drained 
from the soil ; it can be controlled 
only by lowering the water table. 
Therefore, the drainage system should 
be designed to keep water tables below 
the levels where they can cause this 
trouble. 

4. RAINFALL-INTENSITY AND FREQUENCY 

Before an adequate drainage system 
can be designed, a careful study 
should be made of rainfall and snow- 
fall in the territory. This will decide 
the maximum volume of storm water 
to be expected under normal condi- 
tions. With such data at hand ade- 
quate subdrains can be designed. 



The following information pertain- 
ing to airport drainage is equally ap- 
plicable to other kinds of subsoil 
drainage. 

"For most sections of the country, use 
of the ten-year, one-hour maximum rainfall 
curves represent conservative drainage de- 
sign practice and is therefore recommend- 
ed. While many large cities design drainage 
for golf courses and playgrounds on a basis 
of a five-year maximum, for more important 
areas where uninterrupted use is important, 
the ten-year maximum is widely used for 
current practice. Main trunk line sewers 
are frequently designed on a basis of 20 to 
30 year maximum. The adoption of the ten- 
year period in airport drainage design ap- 
pears to insure the safety of normal opera- 
tions and to afford the best compromise be- 
tween accomplishing the immediate re- 
moval of all water and proper consideration 
of cost factors. 

'The season of occurrence of the precipi- 
tation is another important factor which 
must be considered. In northern latitudes 
considerable precipitation may accumulate 
on the ground as snow, and a large portion 
of this may suddenly be carried into the 
drainage system as the result of warm rains 

or high tempomturest. 

"Over the plains area of the Northwest 
the winter precipitation is relatively light, 
averaging only about 1 inch per month, 
but temperatures are lower so that consid- 
erable snow may accumulate. In this region 
the probabilities of high surface flow or 
run-off are less for other sections, how- 
ever, because the temperature rises rapidly 
in the spring, causing the melting and re- 
moval of the moderate snowfall before 
heavy spring rains set in. 

"From the standpoint of drainage as em- 
ployed under conditions typical of airport 
construction, that portion of the precipita- 
tion which percolates into the ground as 
the result of the permeability of the soil is 
of primary importance. Evaporation and 
transpiration losses may be ignored in the 
computation of surface run-off from an 
area as restricted in size as the average air- 
port without seriously affecting design. The 
peak loads which the drainage system will 
have to handle will occur during and di- 
rectly after periods of heavy precipitation, 
at which time the factor of evaporation and 
transpiration will be almost negligible. . , ."2 

As stated above, the precipitation 
that percolates into the soil is of pri- 
mary importance. What Professor 
Eno- says about this in connection 
with highway drainage also applies to 
other kinds of subdrainage : 

"The run-off will form the large volume 
for which he (the Highway Engineer) must 
design, but he must not fail to consider the 
question of percolating water, for storm 
follows storm at irregular but often very 
close intervals, so that a maximum of seep- 
age from one storm may be occurring ex- 
actly at the same time the maximum run-off 
from a succeeding storm is just arriving. 
The soil forms a reservoir, holding much 
percolating water, for, while storm water 
usually runs off over the surface rather 
rapidly, percolating water moves through 
the earth very slowly. 

"The more intense the rainfall, the larger 
will be the percentage of rainfall that runs 
off over the surface, while the less intense 
the rainfall, the greater will be the per- 
centage entering the earth as percolating 
water." 



1 and 2. Airport Desiprn Information, Civil Aeronau- 
tics authority. May, 1940. 

3 F. H. Eno, Research Professor of Hip:hway En- 
pineerinj? at the Ohio State University, in his re- 
port, SOME EFFECTS OF SOIL. WATER AND 
CLIMATE UPON THE CONSTRUCTION, LIFE 
AND MAINTENANCE OF HIGHWAYS, Bulletin 
No. 85, published by the En^inoerini? Experiment 
Station, College of EngineerinK, Ohio State Uni- 
versity. 
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THEORY AND PRACTICE OF SUBSOIL DRAINAGE 



Water gets into subsoil in many 
ways. Much of it soaks in through 
unsurfaced areas. On highways and 
airports, some may seep in through ex- 
pansion joints in the pavement or 
soak through pervious surfacing mate- 
rials. Some may flow in from higher 
ground adjacent to the site over im- 
pervious layers in the soil. Some may 
come from springs. 

If the soil condition were uniformly 
porous, surface water would percolate 
to a depth where it could do no harm, 
but under ordinary conditions the 
downward movement of such water is 
halted by dense or impervious strata 
in the soil. A layer of soft, water- 
soaked earth is thus formed on top of 
the strata and this is what causes most 
subgrade instability. 

To remove this water the engineer 
lays a drainage line of regular or per- 
forated vitrified clay bell and spigot 
pipe with open joints below the water 
table. The trench is then backfilled 
with a porous material to quicken 
drainage into the pipe. The installa- 
tion of drains is described in greater 
detail in the next section. 

When the impervious strata in the 
soil have a slope the water flows down 
them and collects in pockets. The flow 
is very slow but definite. The depth 
and direction of the flow can be de- 
termined by test borings and a com- 
plete topographical survey of the site 
and contiguous territory. To stop the 
movement of such water, trenches are 
dug at right angles to the direction of 
flow. The pipe is laid and backfilled as 
for other subsoil drainage installa- 
tions. 

TIME INCREASES EFFICIENCY 

New pipes begin their work by 
draining only the underground waters 
immediately adjacent to them. Then 
gradually they expand their drainage 
area, as nature provides a system of 
waterways through the pores or open 
spaces in the soil. These are somewhat 
similar to the veins in the human body. 
As time passes, subsoil drains become 
more and more effective, until they 
reach their maximum efliciency. 

It will be noticed in Figure 3 that 
an installation of this type does not 
lower the level of the entire water 
table, but simply makes a hole in it. 
The closer the spacing of the sub- 



drains, the lower the water table will 
become. This is well illustrated in 
Figure 4. The type of soil in which 
the drains are laid will also influence 
their effectiveness. Table I will be of 
help in determining the spacing of 
subdrains for maximum efficiency. 

DRAINAGE LAYOUTS 

The layout for a system of subdrains 
varies with the problem in hand. 

A complete drainage system has a 
threefold function: 

1. To remove both surface and sub- 
soil water from areas outside the 
site of construction where these 
affect the stability of the site. 

2. To remove the subsoil water on the 
site of construction where it im- 
perils the stability of the soil. 

3. To remove surface water from the 
site, especially from large surfaced 
areas, roofs and so forth, before it 
has a chance to get into the subsoil. 

In many cases all three of these 
functions are performed by the same 
system of drains. In other cases the 
first two functions are handled by one 
system and the third by a separate in- 
stallation. 

Illustrated in Figure 2 are four com- 
mon drainage-layout systems com- 
monly used to drain large areas. 

1. The herringbone system 

2. The natural system 

3. The parallel system 

4. The gridiron system 
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Trunk drain lines are laid at stra- 
tegic topographical locations. These 
collect the flow from lateral drains 
and catch basins and carry it to the 
point of discharge. Catch basins are 
placed at the lowest points in the 
grade. The location and depth of the 
mains and laterals will depend upon 
the layout of the airport, park or other 
site of construction, the load to be sup- 
ported by the drain, the area to be 
drained, the depth of the water table, 
the location and the outlet, the eleva- 
tion of the site and other factors. 



COMBINATION DRAINS 

Where one system must give both 
surface and subsurface drainage, the 
trench is usually completely back- 
filled with a porous material. Surface 
waters find their way into the pipes 
by percolating through the coarse 
backfill or through catch basins of 
extra coarse material. In some in- 
stances where the volume of surface 
water is great, such as that which runs 
off large surfaced areas, regular grated 
sewer inlets are used. 




Fig, 4 CROSS SECTION OF DRAIN LINES SHOWING HOW 
CLOSER SPACING OF LINES LOWERS THE WATER TABLE. 

NOTE: For ideal soil conditionsr the curves above represent approximafely the position of the ground water sur- 
faces, showing they are towered by closer spacing of the drain lines. 

Curve A shows the water table for two drain lines I and 3 immediately after a rain. In a short time this water 
table is lowered to A I by the functioning of the drain lines. 

Curves B and Bl represent water tables for three lines of drains for the same time interval as for curves A 
and Al. 

The area between A I and Bl shows the increase in the space drained by the addition of one line of clay pipe. 



INSTALLATION OF SNBDRAINS 



The function of a subdrain is to col- 
lect and remove subsoil water. To ac- 
complish this vitrified clay pipe of suf- 
ficient size is laid with open joints in 
a trench which is backfilled with a 
coarse, pervious material. Some en- 
gineers prefer to use perforated clay 
pipe for this purpose.. 



TRENCHES 

Trenches should have a width equal 
to the outside diameter of the pipe 
plus a minimum of six inches. This 
permits the coarse backfill to com- 
pletely surround the pipe and thus 
prevents clogging. 



Where the floor of the trench is soft, 
muddy or uneven, the excavation 
should be dug three to six inches be- 
low grade and then brought up to 
grade again with a pervious backfill. 
This allows water to enter all sides of 
the pipe and at the same time stabil- 
izes the pipe foundation. 

The depth of the trench will depend 
upon the location of the outlet, the 
elevations of the site, the depth of the 
water table or impervious substrata, 
the maximum load that the pipe must 
support, and the amount of money 



that can be spent on pervious material 
for backfilling. As shown in Figure 4 
the deeper and closer together the 
drains are, the more nearly complete 
the drainage will be. Table I will be 
helpful in computing practical depth 
and spacing of drains. 

LAYING THE PIPE 

Common practice in drainage in- 
stallation is to start laying the pipe at 
the outlet and to work up grade. The 
spigot end of the pipe always points 
in the direction of flow. To protect 
the joints from clogging until all silt 
has been washed down, burlap or bitu- 
minous-treated roofing is laid over the 
joints. Recesses should be dug in the 
floor of the trench for the bells and 
the lower 90 degree arc of the barrel 
of the pipe so that all weight is sup- 
ported evenly by the barrel. See page 
4 for suggestions on how to get max- 
imum strength from clay pipe. 

BACKFILL 

The backfill for subdrains and inter- 
ceptor drains may be crushed rock, 
crushed slag, gravel, oyster shells, or 
any other hard, durable material which 
will permit the quick passage of water. 
In installations where subdrains must 
also carry^off surface water, the por- 
ous backfill is carried to the surface. 
Where this isn't desired, the backfill 
in the top portion of the trench is of 
natural earth or some impervious 
material. 
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TABLE l-SPACING AND DEPTH 


OF SUBDRAINS IN SOILS 


OF VARIOUS 


COMPOSITIONS 


TYPE OF SOIL 


FINE GRAVEL 
AND SAND 


SILT 


CLAY 


RECOMMENDED 
DEPTH OF TRENCH 
IN FEET 


RECOMMENDED 
DISTANCE BETWEEN 
DRAINS. IN FEET 


Sand 


More than 20% 


0 15' 


0 lO'J 


5-6 


150-300 


Less than 207f 


Sandy Loam 


More than 20% 


10 35' ; 5-15'/c 
More than 20' J and less than 50'>^ 


3 ^^-4 


100-125 


Fine Sandy Loam 


Less than 20% 


10 35'y 5 IS^^c 
More than 20' v and less ths^n 50 'v 




100-125 


Loam 




0-55'; IS 25'/( 
More than 50 'y 


4 


50-100 


Clay Loam 




25 55'; 25 35'; 
More than 50' ; 


3-4 


35-60 


Clay 




1 35 lOOVf 
More than 60' v 


3-4 


25-50 



PHYSICAL COMPOSITION OF SOILS FROM IOWA STATE COLLEGE ENGINEERING EXPERIMENT STATION BULLETIN No. 50 
SPACING OF DRAINS FROM UNIVERSITY OF MINNESOTA TECHNICAL BULLETIN No. TOt 



m TO GET MAXIMUM STRENGTH FROM CLAY PIPE 



TABLE II - CRUSHING STRENGTH OF CLAY PIPE BY METHOD OF LAYING 



By giving the pipe a better than 
average foundation and backfilling, its 
supporting strength can be increased 
considerably. 

IMPERMISSIBLE METHOD OF LAYING 

When a pipe is laid on a flat-bot- 
tomed square-cut ditch with excava- 
tions for the bells only (see figure 1 in 
Table II to the right) and the space 
around the pipe backfilled with coarse 
material without tamping, only 75 to 
80 per cent of the supporting strength 
of the pipe is utilized. Because of this 
fact, this method of pipe laying is con- 
sidered impermissible. 

ORDINARY METHOD OF LAYING 

When the floor of the trench is 
shaped to receive the lower quadrant 
of the pipe and bells (as shown in fig- 
ure 2 in the table to the right) and the 



space around the pipe is backfilled 
loosely without tamping, then 100 per 
cent of the bearing strength of the 
pipe is developed. This method of pipe 
laying is deemed ordinary practice. 

FIRST-CLASS METHOD OF UYING 

If the pipe is laid in a trench the 
bottom of which is formed to receive 
the lower quadrant of the pipe, and the 
space under and around the pipe is 
backfilled to a height equal to three- 
fourths of the diameter of the pipe , 
(as shown in figure 3 in the table to the 
right) with selected granular earth 
material thoroughly tamped, the sup- 
porting strength of the pipe is in- 
creased 20 per cent over the ordinary 
method of laying previously described. 
This type of construction requires 
first-class workmanship and careful 
inspection; 




The bell holes should be only large enough lo fit the hubs of the pipe. Exces- 
sively large bell holes reduce the length of the bearing surface under the 
barrel of the pipe and thus pernnit an undesirable concentration of the load on 
a comparatively short length. 



CAPACITY AND SIZE OF UAIII PIPES 



The amount of water to be removed 
by storm sewers from a given area in 
a given time depends upon the follow- 
ing factors: 

1. The Area to Be DriiHed, in Aeres (A) 

This is not necessarily the total 
area of the site. It should be the area 
to be drained by a particular drain 
or system of drains. 

I. The Run-Off Coefficient (C) 

Only part of the rainfall is surface 
water. The remainder percolates 
into the soil. Surface run-off coeffi- 
cients vary from .30 for average soil 
in unpaved areas to .90 for paved 
and impervious areas. The best 
method of determining this coeffi- 
cient for a particular soil is by 
actual test. 

1. The Maximum Rainfall in Inches per Hour (P) 

The use of the ten-year, one-hour 
maximum rainfall curves represents 
conservative drainage design prac- 
tice. See rainfall map on page 5. 

4. The Time Allowed for Drainage, in Hours (T) 

This factor will vary. Under ordi- 
nary circumstances a maximum of 
two or three hours should be figured. 

Using these four factors: 
A X C X P 



have the following 
10 X .50 X 2.25 



=:3.75 



cubic feet per 
second ^ 



= R 



(Run-off in cubic 
feet per second) 
The run-off can then be translated into 
the required pipe size for a particular 
grade by using Table III. 

For example: Let us suppose that 
we wish to compute the run-off from 
ten acres of an Iowa site, the soil of 
which has a run-off coefficient of, say, 
.50, and allowing three hours for th^ 
removal of the rainfall. On the rainfall 
map on page 5 we find that Iowa in 
general has a maximum precipitation 
of 2.2S inches per hour, based on a ten- 
year period. Substituting these fig- 
ures into the formula just given, we 



To translate this volume into terms 
of pipe size we turn to Table III, 
which shows the discharge in cubic 
feet per second for vitrified clay pipe 
of various sizes when laid at specified 
grades. Suppose, for example, that the 
grade of the subdrain is to be 0.9 foot 
per hundred feet. What size clay pipe 
laid at this grade will discharge 3.75 
cubic feet per second? Under the col- 
umn designated "0.9" in Table III we 
find that a 12-inch pipe discharges 3.98 
cubic feet per second. We therefore 
use a 12-inch pipe. 

From this same table we can also 
see that by increasing the size of pipe 
to 15 inches the gradient can be as 
small as 0.3 foot per hundred feet. 
Using still larger pipe reduces the 
necessary gradient even further. 

COMPUTATIONS FOR SUBSOIL DRAINAGE 

For subsurface drainage the size of 
pipe drains required to carry ground 
water may be computed from Tables 
III and IV. Table IV shows the run- 
off in cubic feet per second for various 
areas in acres. The figures designate 
the portion of the rainfall which 
passes through the soil to the drain- 
age pipes. For convenience the fig- 
ures are given with coefficients rang- 
ing from 1/16 inch in 24 hours to 1 
inch in 24 hours. The rate of run-off 
varies with localities and soil condi- 
tion from 3/16 to % inch in 24 hours. 
5^ of an inch may be considered nor- 
mal for computations. 

For example, should you wish to 
estimate the volume of water to be car- 
ried by a drain which collects from a 
drainage area of 100 acres, with a per- 
colation coefficient of ^ of an inch in 
24 hours. Table IV shows it to be 1.57 
cubic feet per second. To translate 
this into terms of a pipe size use 
Table III as before. 
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EARTH V 



RG. I 
IMPERMISSIBLE 
EARTH BEDDING 
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PIG. 2 
ORDINARY 
EARTH BEDDING 
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FIG. 3 
FIRST CLASS 
EARTH BEDDING 



120% 
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renzth in Pounds per Lineal Foot' 



I 144 

II 1 1 


1 tjU 


1 7 lA 


1 144 


14^0 


1 7 1 A 


1 144 


1 *T J V/ 
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Based upon A. S, T, M. requirements by the Sand Beermg Method. 



VELOCITY IN FEET PER SECOND 



DISCHARGE IN CUBIC FEET PER SECOND 



THE PHOTOGRAPHS TO THE RIGHT ARE REPRODUCED FROM "FLOW OF WATER THROUGH CULVERTS" BY 
DAVID L. YARNELL. FLOYD A. NAGLER AND SHERMAN M. WOODWARD. BULLETIN 1, UNIVERSITY OF IOWA 
STUDIES IN ENGINEERING. JUNE. 1926. COPIES OF THE ORIGINAL PHOTOGRAPHS WERE FURNISHED BY THE 
U. S. BUREAU OF AGRICULTURAL ENGINEERING. 
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The Internal snnoothness of a pipe determines its carrying capaci+y. When the 
walls of the pipe are snnooth and glassy as they are in vitrified clay sewer pipe, 
the flow is fast and relatively undisturbed. This is well illustrated by the photo- 
graph reproduced to the left, showing the flow through clay pipe as seen through 
a hole in the top of the pipe. The photograph reproduced to the right shows 
how corrugations break up and slow down the flow in a pipe. Although the two 
pipes illustrated have the same diameter, the clay pipe carries almost twice as 
much as the corrugated pipe* 



TABLE MI-DISCHARGE OF CLAY PIPE IN CUBIC FEET PER SECOND FOR VARIOUS GRADES 



INT. 
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PIPE LINE 


1 N 


FEET 
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H U 1 




£ D 


FEET 






DIA. 
OF PIPE 
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0.3 
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0.7 
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4 23 
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A 1 1 
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40.56 1 


21 


8,61 
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51.54 


55.35 
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27 
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23,66 
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30 
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31.43 
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88.17 
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82.92 
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TABLE IV-RUN OFF IN CUBIC FEET PER SECOND FOR VARIOUS ACREAGES 
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RAINFALL PERCOLATING INTO SOIL, IN INCHES, PER 24 HOURS 
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3/8 


7/16 
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10 
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0.1 1 
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20 
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0.21 
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0.26 


0.39 
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0.66 
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1.83 


1.97 
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60 
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3*30 


80 
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5.90 
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0.53 
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7.42 


7.95 


8.48 
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1,98 
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7.90 
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0.92 
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3.68 
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1.05 


2.10 


3.15 


4.20 


5.25 
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15.34 


16.52 


17.70 
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1.31 


2.62 


3.93 


S,24 


6,55 


7,86 


9.17 


10.48 
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13.10 


14.41 


15.72 


17.03 


18.34 


19.65 


20.96 
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1.44 


2.88 


4,32 


5,76 


7.20 


8.64 


10,08 


11.52 
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14.40 


15.84 


17.28 
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21.60 


23.04 
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1.58 


3.16 


4,74 


6.32 


7.90 
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12,64 


14.22 


15.80 
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20.54 


22.12 


23.70 
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1.71 


3.42 


^ 5.13 


6.84 
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10.26 
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13.68 


15.39 
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22.23 


23.94 
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1.84 


3.68 
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7.36 
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1 1,04 


12,88 


14.72 


16.56 


18.40 


20.24 


22.08 


23,92 


25.76 


27.60 


29.44 


700 
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1.97 


3.94 


5,91 


7.88 


9.85 


11.82 


13,79 
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17.73 
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21.67 


23,64 


25.61 


27.58 


29.55 


31.52 
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2.10 


4.20 


6.30 


8.40 


i0.50 
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14,70 


16.80 
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21.00 


23.10 
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27.30 


29.40 


31.50 


33.60 
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2.22 


4.44 


6,66 


8.88 


11.10 


13.32 


15,54 


17.76 


19.98 


22,20 


24,42 


26.64 


28.86 


31.08 


33.30 


35.52 
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2.36 


4.72 


7.08 


9,44 
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14.16 
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25.96 


28.32 
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33.04 


35.40 


37.76 
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2.50 


5.00 


7.50 


10,00 


12,50 


15.00 


17.50 


20,00 


22.50 


25.00 


27,50 


30.00 


32.50 


35.00 


37.50 


40.00 




1000 


2.62 


5.24 


7.86 


10.48 


13.10 


15.72 


18.34 


20.96 


23.58 


26.20 


28.82 


31.44 


34.06 


36.68 


39.30 


41.92 





ONE HOUR RAINFALL, IN INCHES. TO BE EXPECTED ONCE IN 10 YEARS 




FROM RAINFALL. INTENSITY - FREQUENCY DATA 
UNITED STATES DEPARTMENT OF AGRICULTURE 
MISCELLANEOUS PUBLICATION NO. 204. 



^ PROMPT DELIVERIES 

^ NO PRIORITIES * NO COSTLY DELAYS 



For a while lasf year fhe de- 
mand for clay pipe for war 
indusHes, housing, airport 
and highway drainage and 
other essential war work was * 
even greater than the de- 
livery capacity of the indus^ 
try. We are sorry to say, 
we had to keep some of our 
good friends waiting. But 
that is all over now. Uncle 
Sam has been served and 
large stocks of clay pipe 
and fittings of all sizes are 
available for immediate de- 
livery. Thanks for waiting. 



r':\ 
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TYPICAL CLAY PIPE SUBDRAIN INSTALLATIOMS FOR HIGHWAYS 



1. DOUBLE MAIN INSTALLATION WITH LATERALS 




OriQinil ^iuTih\t 



YMmr ThUt ATttr Or*in*^ Wi« InaiMai^ 




::::li:-.---;:U | 
H-vrtrifi«d a4y Pipt 



PAVe-Mfc-NT 

~r4 -f^-;:-_^t^i 



31:::-_-.4l:;: 



4. INTERCEPTOR DRAIN FOR SLIDE PREVENTION ^ 
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2. SINGLE MAIN INSTALLATION WITH LATERALS 
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5. rNTERCEPTOR DRAIN FOR HILL SEEPAGE 
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DITCH ELIMINATION 
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Frost heave, soft shoulders, eroded 
gullies, dips in the surface, shifting of 
the road from true alignment, deep 
side ditches and costly perpetual 
maintenance have been eliminated in 
modern highway construction by the 
new science of highway drainage and 
a better knowledge of soils and their 
behaviors when wet. Unable to shelter 
the highway from rain, snow, sleet 
and other elements, the highway en- 
gineer has solved the problem of pro- 
tection with an ingenious system of 
underdrains that guard the subgrade 
from all angles, and which quickly dis- 
pose of surface waters that make high- 
ways slippery and dangerous. 

The installations shown here are 



called "typical," but as every engineer 
knows, local conditions determine the 
final plan. The basic idea is to keep 
the subgrade dry ... to lower the water 
table where present to the point where 
it can do no harm ... to intercept 
water seeping toward the subgrade. 

Installations 1 and 2 above are pri- 
marily designed to lower the water 
table. They accomplish this with a 
system of clay pipe drains installed in 
trenches wholly or partially backfilled 
with a porous material such as gravel 
or crushed rock. Both mains and lat- 
erals are usually laid with open joints 
as described on page 3. Under some 
conditions, however, only the lateral 
lines are left with open joints. 



Where one system of drains does 
both surface and subsoil drainage, the 
trench is completely backfilled with 
porous material and the pipe is laid 
with open joints. In major highway 
construction regular grated inlets are 
sometimes used. 

Highway engineers frequently have 
trouble with seepage and wet spots in 
cuts. This is usually caused by water 
flowing over dense inclined layers in 
the soil. The cut bares these layers and 
the water literally flows out. To stop 
this trouble, interceptor drains are 
laid slightly below the strata over 
which the water is moving and at right 
angles to the movement of the water. 
The flowing water strikes the coarse 



backfill, percolates to the pipe, enters 
the open joints and is carried away 
before it reaches the subgrade. In- 
stallations 3, 4 and 5 are of this type. 

Installation 6 is designed to elim- 
inate unsightly and dangerous ditches. 
Common practice is to lay clay drains 
of adequate size on both sides of the 
roadway. The pipe is laid with open 
joints, and is backfilled with a porous 
material to a depth of about one foot. 
The remainder of the backfill is nat- 
ural earth. At intervals of 150 to 200 
feet the coarse backfill is carried to 
the surface to act as a catchbasin. In 
some places where the run-off from 
the surfacing is apt to be especially 
heavy regular grated inlets are used. 



TYPICAL CLAY PIPE SUBDRAIN INSTALLATION FOR RAILWAYS; 



DOUBLE MAIN DRAINAGE 

Drainage of soft spots by tiie on both sides of Track Using Laterals. 



8' Main Drain 
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fillin 



Engine I J^'; 
cinders 

Tile drain 



Ends or Tiles Closed 



The inauguration of present-day, 
high-speed trains together with extra 
heavy freight locomotives and long, 
heavy trains put a burden upon road- 
beds entirely unknown a few years 
ago. Probably the hardest thing a 
maintenance department has to con- 
tend with to keep tracks fit for fast 
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heavy trains is wet roadbed. Water 
gets under tracks in many ways, but 
there is only one successful way to re- 
move it ; it must be drained off through 
a system of permanent subdrains, 
preferably of clay pipe. 

In general, railway drainage is the 
same as highway drainage. Main 



SIN6LE MAIN DRAINAGE 

Drainage of Soh Spots on One Side of Track Using Laterals. 
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drainage lines are laid on one or both 
sides of the tracks with laterals ex- 
tending under the roadbed to catch 
and carry away subsurface water. In 
cuts, interceptor drains such as shown 
in highway installations Nos. 4 and 5 
are very effective. 

Clay pipe drains are ideal for rail- 



way drainage because of their avail- 
ability and corrosion resistance. They 
are the only type of subdrain that can 
be backfilled with engine cinders with- 
out harm. The short lengths are easy 
to handle in narrow trenches under the 
rails and provide more openings for 
the water to enter. 



1 

TYPICAL CLAY PIPE SMBDRAIH IMSTALLftTIOWS FOR HIRPORTS 
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Like other types of subdrainage, air- 
port installations are designed to sta- 
bilize the subgrade and subbase. "The 
greatest danger of an inadequate 
drainage system on an airport is, per- 
haps, the resulting softening of sub- 
grade and subbase due to frequent or 
sustained overflow and the hazard to 
traffic which may be using the airport 
at such periods of overflow." 

1 Airport Drainage Design Information, Department of 



"Subsurface drainage to be consid- 
ered on airports consists in general of 
providing intercepting lines, draining 
wet masses or areas, controlling mois- 
ture in base or subbase or any combina- 
tion of these." 

"An intercepting drain is usually 
placed parallel to and at edge of a 
runway in such a way as to prevent 
the ground water from reaching the 

Commerce, Airport Division, August 1, 1942. 



critical area under the runway surface. 
This drain should be placed across and 
at the lowest portion of the seepage 
strata in order to cut off and divert 
the entire flow." 

"To preclude the possibility of large 
quantities of water entering such 
drains, it is considered desirable not 
to extend the pervious backfill sur- 
rounding such drains to the surface, 



but to provide a relatively impervious 
covering. It is evident that the only 
moisture which might damage the 
pavement is that which enters the sub- 
base or base, and in order to provide 
economical subdrain sizes, this infiltra- 
tion should be reduced as much as pos- 
sible. The surface run-off should be 
handled in a separate system where 
topography permits."* 



CLAY PIPE SOBDRAIN INSTALLATIORS IN PHOTOGRAPHS 




These photographs show clay pipe intercupro/ arams 
being installed to protect a new highway from hill seep- 
age. Above, the drain is being installed in the ditch beside 
the roadway. Below, the drain rs laid high on the hillside. 




The two photographs above show perforated bell and spigot clay pipe 
being used to drain wet spots on one of America's crack highways. 



The photograph above shows a typical clay 
pipe subdrain installation. The pipe is laid with 
open joints in a trench backfilled with coarse 
material. To prevent the pipe from clogging 
during initial "wash-downs," pieces of roofing 
material are placed over the openings. After 
the drain has been in use for a time, there is 
little chance of clogging. 




Large clay pipe mains being laid as part of a complete surface 
and subsurface drainage system under a new superhighway. 




* I » P 0 R T 
DRAINAGE 




'nil,,, ..loti.no. 



FOR COMPLETE DATA ON SUBDRAINAfiE 

The information given on these pages is sketchy because of the limited 
space available. Complete data and technical information will be 
cheerfully supplied to all engineers, contractors, architects, farmers, 
build ing supply dealers and others interested in subsoil drainage. 
Just drop a note or card to this Association telling us what your 
problem is. We will answer, promptly, specific questions and send you 
detailed literature. 
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Clay Pipe and Fittings are avail- 
able in a wide variety of shapes 
and sizes. 



THE PERFECT SUBSOIL DRAIN 

No ofher drainage pipe can offer the advantages of vitrified clay pipe. It is 
absolutely rusf and corrosion resistant. 1+ has a high carrying capacity. It is 
easily obtained. Its cost is low. !t is not affected by priorities. Its short lengths 
are easy to handle in narrow trenches and tunnels. The bell and spigot design 
gives better, nnore complete drainage, without clogging. It comes in all the 
sizes and shapes needed for subdrainage. 
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Left: Perforated clay pipe avail- 
able in sizes up to 12 inches in 
diameter. 
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★ DIMENSIONS OF CLAY SEWER PIPE* ★ 



Internal 
Diameter 
(D),in. 


Laying 
Length 
(L), ft. 


Annular 
Space, 
in. 


Depth 
of Socket 
(Ls), in. 


Thickness 
of Barrel 
(T), in. 


4 

6 
8 
10 
12 
15 
18 
21 
24 
27 
30 
33 
36 


2 

2, 21/2 
2, 2^/2, 3 
2, 214, 3 
2, 21/4, 3 
2, 214, 3 
2, 2%, 3 
2, 214, 3 
2, 21/2, 3 
2^/2, 3 
2^y4, 3 
21/2, 3 
254,3 


Vs 

y% 
% 
'K. 

'A 


2V4 

2V2 

zVa 

2Va 
3 

3V» 

3'/2 

3% 
4 


y» 

1 

2 

2Va 
2% 
2H 
2W 




^Applications of dimensions given in this table are shown on drawing to the left. 



Vitrified Clay Cufverf Pipe is avail- 
able for immediate delivery. 
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A 
I 
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1 




★ APPROXIMATE DIMEMSIONS OF ^'Y" AMD "T" BRANCHES ★ 



T Branches are available in a wide 
variety of sizes. See table to right 
for dimensions. 





Vitrified clay drain tile is available 
in sizes up to 36 inches in diameter. 



Barrel 


Spur 


"T" BRANCHES 




"Y" BRANCHES 












Diameter 


Diameter 


A 


B 

Inches 


A 


B 


C 


Inches 


Inches 


Inches 


Inches 


Inches 


Inches 


4 


4 


6 


354 


8^2 


Wa 


85/2 


6 


4 


7 




9 






6 


6 


8 


4^2 


10 




uVi 


8 


4 


7% 


3^2 


9 




8Ka 


8 


6 


8J/, 


4K 


11 


4/2 




8 


8 




5 


12 


4/2 


I2V2 ■ 


10 


4 


sy2 


354 


10 


334 


8^ 


10 


6 


10 


4K 


12 


4^/2 




10 


8 


11 


5 


13 


5 


13 


10 


10 


11?^ 


5 


14 


6 


im 


12 


4 


9 


3K 


10 






12 


6 


10 


4/2 


11 




11 


12 


8 


11 


5 


13 


s% 


13 


12 


10 


UK 


5 


14 


6 


13 


12 


12 


12^ 


5 


16 






15 


6 


9K 


4 


12 


4 


lo^ 


15 


8 


11 


5 


14 


4/2 




15 


10 




5 


16 


5 


^ 14^ 


15 


12 




5 


17 


5/2 




15 


15 


14 










18 


6 


11 




13 


4 




18 


8 




4 /a 


15 


4K 


12% 


18 


10 


nVi 


4/2 


17 


5 


14H 


18 


12 


15 


5 


18 


5/2 


17?^ 


18 


IS 


16 


5K 








18 


18 


17 


6 








21 


6 


lOVi 


4 


14 


4 


10^ 


21 


8 


11% 


4^ 


15 


4^ 


1214 


21 


10 


nVz 


4^2 


17 


5 


1434 


21 


12 


14 


5 


19 


SK 


17% 


21 


15 


15^ 


5 




6 


20Va 


21 


18 


17 


6 








21 


21 


18 










24 


6 


12 


4 


14 


4 


10% 
12% 


24 


8 


13 


4/2 


16 


4/2 


24 


10 


14 


4?^ 


18 


5 


14^ 


24 


12 


141^ 


5 


19 


5 


17^/ 


24 


15 


15^^ 


5 


19K 


6 


2034 


24 


18 


17 


6 








24 


21 


18 


6^ 








24 


24 


19 


6K 








27 


6 


12 


4/2 


16 


4K 


11/2 


27 


8 


13^^ 


4^2 


17 


4/2 


12% 


27 


10 


14 


4K 


18 


5 


I2V4 


27 


12 


IS% 


5 


19 


55/2 


17% 


27 


15 


17 


5 


21 


6 


2Wa 


27 


18 


17 


6 








30 


6 


13 


^'A 


16 




11% 


30 


8 


14 


4K 


17 


4/2 


12% . 


30 


10 


IS 


5 


18 




13 


30 


12 


16 


6 


19 


6K2 


16^ 


3D 


15 


17 


6 


21 


7 


2034 


30 


18 


18 


6 








33 


6 


13 


4/2 


17 


4/2 


n% 


33 


8 


14 


5 


18 


6 


13 


33 


10 


15 


5 


19 




13 


33 


12 


16 


6 


20 




1B% 


33 


15 


17 


6 


22 


7 


17 


33 


18 


18 


8 








36 


6 


13 


4/2 


17 


4K 


11% 


36 


8 


14 


5 


18 


^% 


13 


36 


10 


15 


5 


19 


5 


is% 


36 


12 


16 


5 


19 


SVz 


17% 


36 


15 


17 


5 


21 


6 


2Wa 


36 


18 


18 


6 










Y Branches are available in a wide 
variety of sizes. See table to left 
for dimensions. 





NOTE — Dimensions A, B and C are approximate. 



Split or Channel Pipe is handy for 
use as surface collection drains. 
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Clay Pipe and Fittings are av 
able in a wide variety of sha 
and sixes. 



THE PERFECT SUBSOIL DRAIN 

No other drainage pipe can offer the advantages of vitrified clay pipe. It is 
absolutely rust and corrosion resistant. 1+ has a high carrying capacity. It is 
easily obtained. Its cost is low. !t is not affected by priorities. Its short lengths 
are easy to handle in narrow trenches and tunnels. The bell and spigot design 
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T Branches are available in a wide 
variety of sixes. See table to right 
for dinnensions. 





Vitrified clay drain tile is available 
in sizes up to 36 inches in diameter. 



15 
18 
18 
18 
18 
18 
18 
21 
21 
21 
21 
21 
21 
21 
24 
24 
24 
24 
24 
24 
24 
24 
27 
27 
27 
27 
27 
27 
30 
30 
30 
30 
30 
30 
33 
33 
33 
33 
33 
33 
36 
36 
36 
36 
36 
36 



IS 
6 
8 

10 
12 
IS 
18 
6 
8 
10 
12 
15 
18 
21 
6 
8 
10 
12 
15 
18 
21 
24 
6 
8 
10 
12 
15 
18 
6 
8 
10 
12 
15 
18 
6 
8 
10 
12 
IS 
18 
6 
8 

10 
12 
15 
18 



14 

11 

11/a 

12V^ 

15 

16 

17 

nVz 

14 

15^^ 

17 

18 

12 

13 

14 

14K 
IS/a 

17 
18 
19 
12 

13?^ 
14 

15J^ 

17 

17 

13 

14 

15 

16 

17 

18 

13 

14 

15 

16 

17 

18 

13 

14 

15 

16 

17 

18 



1 

4/2 

5 

SV2 

6 

4 

454 

4K 

5 

5 

6 

f^Yi 
4 

45/. 

4/2 

5 

S 

6 

6/, 

654 

4/2 

454 

4/2 

5 

5 

6 

4/2 

5 

6 

6 

6 

4/2 

5 

5 

6 

6 

8 

4/2 

5 

5 

5 

5 

6 



17 




14^ 

1754 


13 
15 
17 
18 


4 

4/2 
5 

5/2 


1054 
1254 
14H 
1754 


14 
15 
17 
19 

1954 


4 

454 
5 

6 


1054 
nVi 
iWa 
17/2 

203/^ 


14 

16 
18 
19 

1954 


4 

454 
5 
5 
6 


1054 
1254 
14^ 
1754 
203/4 


16 
17 
18 
19 
21 


454 
454 
5 

554 

6 


1154 
121/4 
123/4 

1754 


16 
17 
18 
19 
21 


454 ■ 

454 

65^ 

7 


u% 

12^/4 
13 

1654 
2034 


17 
18 
19 
20 
22 


454 
6 

654 
654 
7 


1154 

13 

13 

165^ 
17 


17 
18 
19 
19 
21 


4/a 

45^ 
5 

6 


1154 
13 

1554 
17?^ 
203/4 



nches are available in a wide 
variety of sizes. See table to left 
for dimensions. 





NOTE — Dimensions A, B and C arc approximate. 



Split or Channel Pipe is handy for 
use as surface collection drains. 
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